This study aimed to look at whether a correlation exists between telomerase activity and survival of laryngeal carcinoma patients. Telomerase activity was measured by telomerase repeat amplification protocol in 31 laryngeal carcinomas and adjacent normal tissues, and in 21 vocal cord polyps (controls). Follow-up was for at least 60 months. Telomerase activity in tissues adjacent to laryngeal carcinomas was significantly higher than in the carcinomas which was, in turn, significantly higher than in vocal cord polyps. There was no significant difference between telomerase activity in carcinomas or adjacent tissues and clinicopathological characteristics. Patients with high telomerase activity in carcinoma tissue had significantly shorter survival times than those with low activity, but no significance difference was observed between survival time and telomerase status in adjacent tissues. Linear regression showed significant association between telomerase activity levels in carcinoma tissues and survival time, but this was not observed in adjacent tissues. This study suggests that telomerase activation probably takes place before the cancer phenotype develops and has prognostic significance for survival of patients with laryngeal carcinoma.
Introduction
Telomerase is an enzyme that maintains and elongates telomere length. Expression of human telomerase reverse transcriptase (hTERT) regulates telomerase activity and levels of hTERT expression can be used to estimate telomerase activity. 1,2 Telomerase repeat amplification protocol (TRAP) has been extensively used to measure telomerase activity in various malignant tissues. 3 Research has shown that telomerase activity and hTERT levels are increased in malignant tumours. 2,4 -6 Most research has found low telomerase activity in non-cancerous tissues adjacent to malignancies. 2, 4 In some cases of head and neck squamous cell carcinoma (HNSCC), however, high telomerase activity has been found in the premalignant lesions and in normal tissues adjacent to tumour tissues, although telomerase activity was still Telomerase activity in laryngeal carcinoma lower than in tumour tissues. 6 -8 The importance of telomerase reactivation in patient prognosis and its correlation with clinical follow-up have been reported, however the results vary. 6 -10 The present study aimed to detect levels of telomerase activity in laryngeal carcinomas and their adjacent normal tissues and to elucidate whether telomerase activation plays a role in carcinogenesis. Follow-up was used to explore the prognostic value of telomerase activity in laryngeal carcinomas.
Patients and methods

PATIENTS AND TISSUE SAMPLING
This prospective study looked at males with supraglottic and glottic laryngeal carcinomas, and vocal cord polyps from males and females were obtained as normal controls. All patients were surgically treated at the Second Affiliated Hospital School of Medicine, Zhejiang University from December 1997 to December 1999. None received preoperative radiotherapy or chemotherapy. Otolaryngologic, radiographic, and head and neck examination, as well as laryngoscopic findings were recorded.
All individuals gave informed consent and the ethics committee of the Second Affiliated Hospital School of Medicine approved the study protocol.
Follow-up data were obtained by direct patient contact or during home visits; all patients were followed up for ≥ 60 months. Time from the date of operation to the date of follow-up or death was recorded.
Tumour and corresponding adjacent tissues were obtained from patients who underwent operation for laryngeal carcinoma. Adjacent tissues were taken from macroscopically normal mucosa > 10 mm away from the tumour margins. Vocal cord polyp tissues were also obtained. Specimens were divided: one part was stained with haematoxylin and eosin, and then examined histologically by an experienced head and neck pathologist; the other part (50 -100 mg) was flash frozen in liquid nitrogen and stored at -80°C until molecular analysis.
TELOMERASE ASSAY
Telomerase activity was determined by TRAP 3 polymerase chain reaction (PCR) enzyme-linked immunosorbent assay (ELISA) using a commercial kit (Roche Molecular Biochemicals, Mannheim, Germany). Tissues (50 -100 mg) were homogenized in 200 µl ice-cold lysis reagent and centrifuged at 16 000 g for 20 min at 4°C. In the first step of the assay (elongation and amplification), telomerase adds telomeric repeats (TTAGGG) to the 3'-end of the biotinlabelled synthetic P1-TS primer. These elongation products were amplified by PCR with the primers P1-TS and P2, generating PCR products with telomerase-specific six nucleotide increments. In the second step (detection by ELISA), an aliquot of PCR product was denatured and hybridized to a digoxigenin-labelled, telomeric repeatspecific detection probe. The resulting product was immobilized via biotin-labelled primer to a streptavidin-coated microtitre plate. The detection probes and the hybridization conditions were optimized to the highest specificity and sensitivity and the immobilized PCR product was detected with an antibody against digoxigenin that was conjugated to peroxidase. Finally, the probe was visualized by peroxidase metabolizing tetramethylbenzidine to form a coloured reaction product. Absorbance was determined at 450 nm by an ELISA reader, using a reference wavelength at 690 nm.
STATISTICAL ANALYSIS
Data were presented as mean ± SD. SPSS ® statistical software version 11 (SPSS Inc. St Telomerase activity in laryngeal carcinoma Louis, MO, USA) was used for the statistical analysis. Paired Student's t-test was used to compare results between adjacent normal tissues and malignant tissues in individual patients, and malignant tissues and polyp tissues were analysed by independent sample t-test. The Mann-Whitney U-test was used to evaluate telomerase activity of the tumours and their adjacent tissues with clinicopathological characteristics. Telomerase activity of tumours and adjacent tissues were, respectively, divided into high and low groups. Kaplan-Meier survival curves were plotted and comparisons were made using the log rank test. Telomerase activity and survival time were analysed by linear regression. A P-value < 0.05 was taken as statistically significant.
Results
The study included 31 males of mean (± SD) age 58.55 ± 9.78 years, range 41 -74 years with laryngeal carcinomas (12 supraglottic and 19 glottic). In addition, 21 vocal cord polyps were obtained as normal controls from 17 males and four females; mean (± SD) age 43.14 ± 11.53 years, range 23 -66 years.
Histological examination of the nonmalignant tissues adjacent to tumours showed 11 specimens to be normal, 14 specimens exhibited epithelial hyperplasia, five specimens showed dysplasia and one specimen was without mucosal epithelium.
Telomerase activity in tissues adjacent to the laryngeal carcinomas (n = 31) was significantly higher than in the laryngeal carcinomas (n = 31) which, in turn, was significantly higher than in the vocal cord polyp tissues (n = 21) ( had a significantly shorter (P < 0.05) survival time than patients with low activity (< 0.084 optical density) ( Fig. 1A) . Telomerase activity in adjacent tissues was also divided into a high (≥ 0.202 optical density) and low group (< 0.202 optical density), but no significant difference in survival times was observed (Fig. 1B) . Linear regression analysis showed significant association between telomerase activity and survival time in tumour tissues (F = 4.31, P < 0.05), but no association was shown in adjacent tissues. 
Discussion
Head and neck squamous cell carcinoma is the sixth most frequent cancer, accounting for 6% of all cancers worldwide and laryngeal squamous cell carcinomas form the largest subset of this group. 8 At present, reported results on telomerase activity in normal tissues adjacent to HNSCC have been inconsistent, but almost all reports have shown activity in adjacent tissues to be lower than in tumour tissues. 2,4,5,10,11 Most studies have reported increased telomerase activity in different tumours and a possible correlation with clinicopathological characteristics; they have also speculated that telomerase activity plays a role in prognosis. 5,11 However, correlation between telomerase activity in either laryngeal carcinomas or their adjacent tissues and survival (especially with longer clinical follow-up) has not been well established.
The present study has shown that telomerase activity in normal adjacent tissues was significantly higher than in tumour tissues, a result in contrast with previous studies; almost all research has reported telomerase activity to be higher in HNSCC than in adjacent tissues, although data from adjacent tissues vary considerably (20% -76%). 4,5,9 -11 We did show in the present study, however, that telomerase activity was significantly raised in tumour tissues compared with vocal cord polyp tissues (control).
Telomerase activity has been found in 38.5% of normal oral mucosa, 54.5% of leucoplakia (including 33.3% of hyperkeratosis, 53.3% of mild dysplasia, 75% of moderate-severe dysplasia), 82.1% of oral squamous cell carcinoma, 83.3% of malignant salivary gland tumours. 9 Mutirangura et al. 12 reported that 27% of oral leucoplakia with epithelial hyperplasia was positive for telomerase activity, but this increased to 83.3% when oral leucoplakia appeared with dysplasia histologically. Luzar et al. 2 found hTERT mRNA was detectable in 7% of normal laryngeal epithelia, 20% of simple hyperplasias, 37% of abnormal hyperplasias, 75% of atypical hyperplasias, 89% of intraepithelial carcinomas and 85% of invasive laryngeal squamous cell carcinomas. Their mean hTERT indexes were 0.02, 0.09, 0.18, 0.74, 1.82 and 2.51, respectively. These results indicate that telomerase activation might play an important role in the course of hyperplasia, dysplasia and malignant alteration of mucosal epithelia. The fact that, in our study, telomerase activity in tissues adjacent to the laryngeal carcinomas was higher than in the carcinomas suggests that telomerase activation probably took place before the cancer phenotype developed. This is consistent with 'field cancerization' and 'multistep carcinogenesis' theory in squamous cell carcinomas originating in the upper aerodigestive tract. According to the theory, repeated exposure of mucosal cells in the upper aerodigestive tract to carcinogenic insults (for example tobacco), may induce genetic and biochemical changes in normal cells. This increases the risk of development of multiple independent premalignant and malignant foci, even though the cells may not yet be histopathologically malignant. 5 Alcohol and tobacco consumption play a key role in the development and progression of head and neck cancer. 13 Our previous research has suggested that there is a connection between telomerase activity and histological characteristics in the tissues adjacent to laryngeal carcinoma. 14 The present study has shown that, in tissues adjacent to laryngeal carcinomas, there was a significant correlation between telomerase activity and pathological characteristics. Tissues adjacent to laryngeal carcinomas that have increased telomerase activation may, therefore, have the potential for carcinogenesis or a predisposition to further genetic events that may lead to malignancy.
The reason for higher telomerase activity in tissues adjacent to carcinomas compared with the tumour tissues remains unclear. Li et al. 15 found that the rates of telomerase activity in dysplasia and cancer were 79.3% and 82%, respectively. They considered that dysplasia, showing high telomerase activity, may explain why the previously reported positive rate of telomerase activity in paracancerous lesions of oesophageal carcinoma varied greatly in different studies. Our cohort showed high occurrence of hyperplasia and dysplasia, and this may be one reason for the higher telomerase activity seen in the tissues adjacent to the carcinomas. Some investigations have shown telomerase activity or hTERT in a variety of tumours has a prognostic significance with regard to survival follow-up. Available data, however, on the correlation between telomerase activity and survival of patients with HNSCC have been conflicting. Patel et al. 4 in a 2-year survival follow-up analysis of 110 cases of HNSCC found that patients with higher telomere length in malignant tissues or telomerase activity in normal tissues adjacent to HNSCC had poor disease-free survival. Liao et al. 16 performed a multivariate analysis on the 3-year survival of 217 cases of HNSCC (including 192 cases of oral cavity HNSCC), and concluded that telomerase activity was an independent prognostic factor for survival. El Samny et al. 7 showed that hTERT levels in tumour edges significantly affected 2-year survival in 35 cases of laryngeal carcinoma. In a 2-year survival follow-up of 35 patients with laryngeal carcinoma, Eissa et al. 17 found that tumour edge hTERT levels were significantly different between survivors and non-survivors. On the other hand, Koscielny et al. 6 analysed telomerase activity in 80 cases of HNSCC, with follow-up beyond 2 years, and found no correlation between telomerase activity and survival. Luzar et al. 18 using univariate and multivariate analysis on a series of 40 cases of laryngeal and 16 cases of hypopharyngeal carcinoma, with 1 -67 months (mean 30 months) survival follow-up, found no correlation between hTERT mRNA expression and survival. These studies concluded that levels of telomerase reactivation had no effect on the survival of patients with HNSCC.
Recently, no significant relationship was found between hTERT expression and classical clinicopathological parameters for oral squamous cell carcinoma and, interestingly, survival analysis showed a correlation between overexpressing cases and lower survival rates in the early stage of the disease. 19 This research was similar to the present study in which no statistically significant correlations were observed between telomerase activity in either tumorous or normal adjacent tissues and the clinicopathological characteristics. Our present study found a significant correlation between patient survival and the telomerase status of tumour tissues. Linear regression indicated that patients with higher telomerase activity had a significantly poorer survival and concurs with Hiyama et al., 1 who postulated that levels are upregulated during tumour progression, and that activity can be used to predict patient prognosis. This prospective study clearly shows that the reactivation of telomerase in tumour tissues has a prognostic significance for our cohort of patients.
We conclude from our study that telomerase activation probably took place before the cancer phenotype developed and has a prognostic significance for survival. Telomerase activity in laryngeal carcinoma Telomerase activity may provide a new noninvasive marker for evaluating the progression of patients with laryngeal cancers, and may help to identify patients in need of closer follow-up and vigorous adjuvant treatment. Our study was performed on a small number of patients and further study on the use of telomerase activity as a prognostic marker will, therefore, need to be conducted.
